Background and Purpose-With the progress in stroke prevention, it is important to evaluate the epidemiological trends of strokes over a long period and from a nonselected population-based perspective. Methods-We estimated changes in incidence, case-fatality rates, severity, risk factors and prestroke use of preventive treatments for first-ever strokes, from a continuous 20-year well-defined population-based registry, from 1985 to 2004. Results-We recorded 3142 ischemic strokes, 341 primary cerebral hemorrhages and 74 subarachnoid hemorrhages.
S
troke medicine is one major aspect of medicine that has made great progress in prevention, as well as in acute care. 1 It is therefore important to evaluate from reliable populationbased studies any changes in the epidemiology of strokes, similar to declining mortality, for example, observed in cardiovascular disease. 2 For strokes, the results are not so clear 3 : there is evidence of both falling and rising case-fatality and mortality rates. 4, 5 We observed similar conflicting data for the incidence of stroke. 4,6 -9 In Dijon, we have maintained an on-going populationbased stroke registry since 1985 to monitor first-ever stroke occurrence within the population of the city of Dijon. 7 The aim of this study was to analyze the incidence, case-fatality and severity trends, risk factors and prestroke use of preventive treatments in stroke subtypes from 1985 to 2004.
Materials and Methods
We used the same stroke definition throughout the 20-year period. 7 
Study Area and Population
According to the census, the population of Dijon was 145 325 inhabitants in 1985 and 150 138 in 2004. The proportion of the population at risk of stroke Ն75 years in Dijon, increased by 17% from 1985 to 2004, whereas the proportion of people Ն85 years increased by 51%.
Case Ascertainment
The major advantage of the stroke Registry of Dijon is its constant method of ascertainment, irrespective of age, without interruption since 1985. A detailed description of the Dijon Stroke Registry has been published. 7 The collaboration of numerous investigators was required from various departments of the University Hospital, the 3 private hospitals, the 3 private radiology centers, the public and private specialists and general practitioners. Strokes were defined according to World Health Organization (WHO) recommendations 10 and according to the International Classification of Disease. 11 The ischemic or hemorrhagic mechanism was identified by CT scans in 90% of the cases in 1985, in 98% of the cases since 1990. MRI examinations took place in 22% of the cases since 2000. A single first-ever stroke or a first-ever stroke preceded by a transient ischemic attack (TIA) was coded as incident. A stroke preceded by a previous stroke was coded as recurrent 9,12,13 and was not included for the evaluation of incidence, case-fatality and mortality rates for first-ever stroke. If the subject was still alive 28 days after stroke onset, the stroke was considered nonfatal.
Vascular Risk Factors
We collected vascular risk factors according to the same criteria over the 20 years 7 : hypertension (HT) if Ն160/095 mm Hg, diabetes mellitus (DM) if the fasting plasma glucose level Ն7.8 mmol/L, (or if treated with insulin or oral hypoglycemic agents), hypercholesterolemia if the total cholesterol level Ն6.0 mmol/L, history of tobacco abuse (Ͼ1 cigarette per day, current or former habit), TIA in the previous month, previous myocardial infarction, angina, and peripheral vascular disease.
Atrial fibrillation was diagnosed from ECG or Holter recordings. Two-dimensional echocardiography was performed to detect possible cardioembolic sources. Hypertrophy of left ventricle was noted in 18.55% (Ϯ6.47%) with no significant variations on echocardiography performed in 35% of the cases in 1985, 45% in 1990, 65% in 1995 and 82% in 2004.
Carotid and vertebral ultrasonography as well as standard blood and urine tests were routinely performed. There was no change in the prevalence of cervical artery occlusion, which remained around 6.14% (Ϯ3.25%), dissection of cervical arteries which remained around 5.75% (Ϯ2.25%) and stenosis of the cervical carotid Ն70% which remained around 7.8% (Ϯ3.75%) on ultrasonography, that was performed in 85% of the cases in 1985, 95% in 1990 and close to 98% in 2004.
Use of prestroke preventive treatment was recorded at stroke onset: treatment of blood HT, DM, cardiac arrhythmia, and the use of antiplatelets and anticoagulants. In 1985, treatment with lipidlowering drugs was not requested and was not recorded in our files.
Handicap Scores at 1 Month
The degree of handicap was estimated according to the Rankin Scale at 1 month.
Diagnosis of Stroke Subtypes and Classification
The diagnosis of stroke subtypes was always performed on clinical and cerebral imaging. 7 We included (1) ischemic strokes (IS) from atheroma of large arteries; (2) ischemic strokes from lipohyalinosis of small arteries, so-called lacunar infarct (LI); (3) ischemic strokes from cardiac embolism (CE) originating from atrial fibrillation (AF), or valve disease, patent foramen ovale or spontaneous intracavitar thrombus; (4) primary cerebral hemorrhagic (PCH) and (5) subarachnoid hemorrhagic (SAH) stroke. When it was difficult to differentiate between IS, LI and CE strokes, medical staff meetings were held to classify the difficult cases in 1 of the 3 groups.
Data Processing and Statistical Methods
The age-and sex-specific incidence rates were calculated. The standardized rates were calculated by the direct method with the French (census of 1999), European and the SEGI World 9 populations. We assumed a Poisson distribution for the annual number of events to calculate 95% CI for the incidence. 9 Exponential regression was performed to test time trends in stroke incidence after age and sex adjustment to the population of Dijon.
Case-fatality rates were based on survival after 28 days and trends were evaluated with linear regression. Univariate analyses with Student t test were performed for continuous variables. A P value Ͻ0.05 was considered significant. We used multivariate regression to identify the independent class variables (age, sex, stroke subtype, HT, DM, hypercholesterolemia, previous TIA, AF, myocardial infarction, peripheral vascular disease and time periods) that may influence 28-day case-fatality (dependent variable).
Changes in prestroke risk factors and medication were ascertained and evaluated according to linear regressions when comparing the trends over 20 years, and according to proportion tests when comparing the first and last periods.
Results

Clinical Features Among the 3691 Stroke Patients
We registered 1920 IS, 725 LI, 497 CE stroke, 341 PCH, 74 SAH and 134 ischemic strokes of an undetermined mechanism. In the latter group there was no variation in fatal and nonfatal cases during the 20 years.
The absolute number of strokes increased by 11%, with 875 cases during the first 5-year period (1985) (1986) (1987) (1988) (1989) 
Distribution of Standardized Incidence Rates of First-Ever Strokes by 5-Year Periods, by Age and Sex
According to standardized rates from European (Table 1a) and world (Table 1b) populations, the stroke incidence rates were higher in men than in women (PϽ0.01), for every period over the 20 years. The trends over the 20 years in both men and women were not significant.
If we compare the first 5-year period to the last one according to European population (Table 1a) , we observe no change between these 2 periods. The incidence rates of strokes in men (P*ϭ0.58) and in women (P*ϭ0.60) remained stable. The trends of strokes over 85 years of age (P*ϭ0.28) and Ͻ85 years of age (P*ϭ0.58) for these 2 periods were unchanged. In contrast, by comparing the first and the last periods, we found that though the rise in the incidence of IS from atheroma of large arteries was not significant (P*ϭ0.09), the incidence of LI rose significantly (P*Ͻ0.01), whereas the incidence of CE strokes decreased significantly (P*Ͻ0.01). There was no change for PCH and SAH incidence.
Distribution of Handicap
Comparing the first (1985) and the last (2004) periods, Rankin scores at 1 month did not have the same distribution and amplitude: the proportion of Rankin consistent with spontaneous walking (score from 0 to 3), increased after 65 years (Pϭ0.01), whereas the proportion of Rankin from 4 to 5 in these patients fell (Pϭ0.01).
Distribution of 28-Day Case-Fatality Rates by 5-Year Periods, by Age and Sex
The 28-day case-fatality rates (Table 2 ) significantly decreased for overall strokes during the 20 years (Pϭ0.03). The case-fatality rates decreased in men aged Ͻ75 years (Pϭ0.02), in women aged Ͻ75 years (Pϭ0.02) and 65 years (PϽ0.01). According to stroke subtypes, case-fatality rates significantly decreased for LI (Pϭ0.05) and for PCH (Pϭ0.03).
In multivariate regression analyses, hemorrhagic strokes, the first 5-year period, HT, previous myocardial infarction and age over 85 years had a significant negative effect on case-fatality at 28 days. In contrast, sex, hypercholesterolemia, diabetes, history of TIA, AF, tobacco and peripheral artery disease had no effect. Table 3 reports the 3 significant results on prestroke risk factors. Comparing the period between 1985 and 1989 and the period between 2000 and 2004, the prevalence of hypercholesterolemia and diabetes significantly increased (P*Ͻ0.01), whereas the prevalence of previous myocardial infarction significantly decreased (P*Ͻ0.02). Because of the increasing number of missing data for blood hypertension and smoking, changes in their prevalence could not be estimated.
Distribution of Premorbid Risk Factors and Use of Preventive Treatments, by 5-Year Periods
For prestroke medication, we noted a significant increase of the use of antiplatelets agents and anticoagulants in AF (P*Ͻ0.01), with no change for treated HT.
Discussion
The distribution of stroke subtypes in Dijon was similar to those observed in other Western countries. [13] [14] [15] Previous reports 4,6 -8,16 have observed no significant changes in stroke incidence rates during the last 2 decades. Dijon may be included in this group. However, a marked decrease had been observed in other studies. 17 Recently, the Oxford study 13 reported a significant decrease in the incidence rates during a 20-year period but using a register at 2 time points only. But for us, the most encouraging result concerns the increased age at first stroke onset.
We must analyze the reasons for this discrepancy. The incidence rates were stable in Dijon even though the absolute number of strokes significantly increased in both men and women, and the population at risk Ͼ85 years increased by 51% as observed elsewhere. 13 Our results may reflect a balance between the increasing number of strokes and elderly persons in the Dijon population, the efficiency of prestroke preventive treatment, demonstrated by the rise in use of antiplatelet and anticoagulant therapy, and the decrease in previous myocardial infarction, as noted elsewhere. [13] [14] [15] [16] We can explain the rise of LI incidences rates by the rise in the prevalence of diabetes and hypercholesterolemia. In contrast, the rise in the use of antiplatelets may explain the decrease in the prevalence of previous myocardial infarction. The issue of uncontrolled hypertension in Dijon cannot be discussed in detail because the frequency of missing data increased during the study period. However, HT has been shown to be difficult to control even in selected populations as well as during therapeutic trials. 18 Therefore, lack of control of HT may, hypothetically, explain the absence of any decrease in stroke incidence. The other reason for the discrepancy between Dijon and Oxford 13 may be that the proportion of diabetes was stable in Oxford 13 but significantly increased in Dijon. Specific data concerning the incidence of LI were not available in Oxford 13 or in Söderham, 16 but were recorded in the Germany study. 14 It is known that the prevention of stroke in diabetic patients is not very effective. 1 In Dijon, like in most studies, case-fatality rates were slightly higher in women than in men. 9, 17 Mean case-fatality rates were rather lower in Dijon (14.5%) than in Belluno 19 (33%). Case-fatality rates in older men and in younger women also declined in Dijon as was the case in other populations 8, 9, 13, 16 but not in all cases. 5, 20, 21 The determinants of better case-fatality rates were LI, lower systolic and diastolic blood pressure, younger age and the last time period.
Several factors observed in Dijon may account for the fall in case-fatality rates: the rise in LI incidence associated with the decrease in the incidence of severe CE stroke, the rise in minor strokes, associated with the decrease in strokes with severe handicaps. This reduction may be also a cohort effect 13, 16 because life expectancy in the general population was also improving.
Our study has some interesting points. There were no changes in the ethnic mix and economic status of the population of Dijon, or in the organization of the healthcare system during the 20-year study. The strength of our population-based register is that uniform registration and diagnostic criteria established by the WHO 10 have been strictly applied over the study period to ensure that secular trends in the incidence of stroke were not affected by changes in diagnostic practices or incomplete ascertainment of cases. Another interesting point of our study was the long-term involvement by the same investigators, and the same research team during the 20-year period. There was no age limit for patients.
In Dijon, we think that the ascertainment was exhaustive because the incidence of minor handicaps (Rankin from 0 to 3) increased, meaning that we were able to identify minor cases. Consistency and reliability were also ensured by the high percentage of diagnostic investigations performed on each patient. CT plus MRI scans were performed in almost 100% of the patients in Dijon.
But our study has some limits with the missing data on systolic and diastolic blood pressure and smoking.
It is the first population-based study, which investigated stroke incidence, and case-fatality rates on the basis of 
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continuous ascertainment over a 20-year period, identifying every stroke subtype thanks to at least 98% verification by neuroimaging. Our study provided evidence that preventive strategies did reduce the incidence of CE strokes at community level but not LI, which is induced by rising diabetes and hypercholesterolemia and possibly by the lack of optimal treatment of HT. The encouraging results concerned the important effect of prevention which delayed stroke onset, and the decrease in case-fatality at 28 days in both men and women. 
